In this work, we report the mapping of electrical equipotential lines (1D) and equipotential surfaces (3D) using the free Quantum Geographic information system (QGIS) software. For this purpose, experiments taking into account, four different electrical configurations were performed on physics classes of undergraduate students, using two conductors of opposite electrical charges for each experiment. For the first experiment two copper parallel linear conductors; for the second, a copper parallel linear conductor with a small circular ring acting as a point charge; for the third, two concentric circular ring and for the fourth one a semicircular ring with a small circular ring acting as point charge. The experimental data were treated and interpolated in the, open source, QGIS software, used in geoprocessing, to map the electrical equipotential planes and surfaces.
Introduction
The experimental practices of physics are instrumental options for demonstration and identification of concepts related to physics classes. The experiments performed on laboratory can be a tool of theoretical exemplification, illustrating the physical facts of study. Nowadays, the teaching of physics use a wide range of strategies and free softwares for discussion and approach of concepts related to different physics phenomenon. For instance, Marin et al. [1] have used the Tracker freeware software for the study of experiments in electricity and magnetism using analog instruments for electrical signal measurements. The Tracker is a piece of freeware software, designed to use video recorded images of the motion of objects as input data, and has been mostly applied in physics education to analyze and simulate physical phenomenon in mechanics. Mandanici [2] has used the GNU Octave Scientific Programming Language for the study of the transient phenomena in the series RLC circuit, the dispersion of light through a prisms, drawing of the damped mechanical oscillator and others.
Up to now there are no studies about mapping of electrical equipotential lines and surfaces using the Quantum Geographic information system (QGIS) software. The few studies are based on computational methods and well known open source softwares. For instance, Young [3] has used computational methods based on relaxation method for graphing nonphysical equipotential lines obtained with the electric-field mapping experiment. Richards [4] * Correspondence email address: legarmas@gmail.com.
has plotted equipotential and electric field lines using the method of semi silvered mirror for plotting orthogonal curves. This method consists of drawing a normal to a curve using a front silvered mirror. On the other hand, Marshand [5] , of the Northern Illinois University Physics Department, has shown to the students class the mapping of equipotential lines and surfaces using the Excel spreadsheet.
On the other hand, QGIS (previously known as Quantum GIS) is a free and open-source cross-platform desktop geographic information system application that supports viewing, and analysis of geospatial data [6, 7, 8, 9] , and up to now it has not been used on the mapping of electrical equipotential surfaces. Therefore, in this work, it is proposed, an experimental approach for mapping equipotential surfaces with different charge distributions (two parallel linear conductors; a parallel linear conductor with a small ring circular acting as a point charge; two concentric circular conductors and a semicircular ring with a small circular ring acting as point charge) at the presence of an electrolytic solution of NaCl. The data were processed in the QGIS software [6] , obtaining the interpolation of the experimental data and extraction of the equipotential surfaces, for later analysis of the electric fields distribution for each proposed geometry.
The experiments
The experiments were carried out during laboratory classroom lectures for engineering at the Federal University of Pampa-UNIPAMPA-Campus Alegrete, RS, Brasil. The students were enrolled in a first semester introductory physics III course. This course covers electricity and magnetism and it is taken after the first introductory physics III course, which covers electrical fields and electrical potential. The experiments were taught to 40 students divided into five groups. Each group had 2 h of laboratory classroom work per week. The four experiments presented in this work are part of one experiment performed during the semester. The students presented a written report weekly.
Before the laboratory work the students were trained in the installation and use of Geospatial software in a 1.5 h lecture. The use of Geospatial software helped to overcome some limitations during mapping of the equipotential surfaces.
For the experimental setup was used a well-known practice for determination of equipotential surfaces [10] [11] [12] [13] . The materials used were copper hard wire, electrolytic solution (water -600 ml and salt -80 g), multimeter, direct current source, graph paper and acrylic plate (electrolytic cell). The electrode configurations chosen for this experiment are shown in Figs. 1(a)-(d). In all configurations the reference point of the multimeter was connected to the negative source output (marked with letter N in all configurations).
Figure 1(a) shows an electrolytic configuration of a parallel plate capacitor arranged on a system of coordinate axis; Fig. 1(b) shows the experimental arrangement of a positively charged plate and a point charge, represented by a small circular ring, referenced in space; Fig. 1 (c) provides an arrangement of two circular electrodes, where the central ring represents a point charge, connected to the negative output of the voltage source, while the external ring is positively charged, both referenced in the experimental space. Finally, Fig. 1(d) shows a semicircular ring, positively charged and a point charge located at the center of this semicircle, which is connected to the negative output of the voltage source. For all measurements settings, the voltage source was adjusted to 16V.
Data mapping
In order to map the experimental data, in all experimental configurations, the reference terminal of the multimeter was connected to the negative output of the voltage source, whereas the other terminal was used as a mobile probe to measure the electrical potential at each point of interest. In order to obtain the experimental data two reference systems were used in this experiment.
• Rectangular system: the points for mapping were demarcated according to reported on the literature [3, 14] , considering equidistant points of 1 cm, for the arrangement of parallel plates ( Fig. 1(a) ; the same points were mapped in the arrangement of plate and point charge, as shown on Fig. 1(b) , but considered random because the expected geometry of the surfaces differs from the previous one. The voltage probe was moved in an area of 9 cm x 9 cm, collecting the potential difference at 45 different points between the electrodes. • Polar system: used for the experimental demarcation of the equipotential surfaces of the array formed by the ring and point charge ( Fig. 1(c) ; as well as for the semicircular configuration and a point charge ( Fig. 1(d) , the experimental points were considered random when mapped due to the lack of symmetry, but the results are in accordance with theory as it will be shown in the next section. In this case, the voltage probe was moved in an area of 12 cm x 12 cm, mapping 60 points, between the electrodes.
The data were stored with their spatial location in spreadsheets. The polar coordinate system was converted to rectangular coordinate because the software uses reference mesh of rectangular axes.
Data processing with QGIS Software
The QGIS software is a free and open source Geographic Information System. Data entry in QGIS was accomplished by adding a new layer delimited by text and stored in shapefile files. The data collected in the laboratory were interpolated individually, for each electrode configuration, and recorded in raster files. The interpolation method chosen was that of Kriging, which observes that near points in space have values closer than farther away points [15] . During the interpolation process, in the calculus, 30 points were taken into consideration in each pixel. For the extraction of the equipotential surfaces, a QGIS routine was used to obtain contours of raster files, and were performed with an considered equidistance and appropriated for each configuration.
The data presentation in three dimensions was performed by means of a complement, which can be added to the QGIS used, called Qgis2threers. This complement generates third-dimension views using the tree.js JavaScript library [16] . Figure 2 shows the interpolated data, of the potential differences maps obtained from the laboratory-mapped data, which are marked with crosses and delimited by blue lines for each electrode configuration shown in Fig.  1 (a, b, c and d) . For each electrode configuration the blue color corresponds to lower electrical potential (∼ 1.5 V (Fig. 2(a) , ∼ 1.7 V (Fig. 2(b) , ∼ 3.4 V (Fig. 2(c) and ∼ 2.2 V (Fig. 2(d) ) and the red color corresponds to higher electrical potential (∼ 6.2 V (Fig. 2(a) , ∼ 5.7 V (Fig. 2(b) , ∼ 12.5 V (Fig. 2(c) and ∼ 5.5 V (Fig. 2(d) ), whereas white color corresponds to a intermediate value of electrical potential. These values are shown on the scale bar of each configuration on Fig. 2 . The interpolation results for each experimental situation illustrate the actual situation found in the laboratory. The fancy color gradient helps in identifying the spreading of the electric potential associated with each situation. It is observed that the geometry of the electrodes interfere with the distribution of the extracted equipotential maps. For instance, for the configurations shown in Fig. 2(a, c) , the distribution of the equipotential surfaces is more homogeneous than for the configurations of Fig. 2(b, d) , causing that the electrical potential difference varies more rapidly in the region between the oppositely charged electrodes. Figure 3 shows in detail the equipotential lines shown in Fig. 2 , for each experimental situation, with the directions and orientations of the electric fields. As we can see, for all configurations the equipotential lines are always perpendicular to the electric field lines, and the geometry of the electric charge distribution influences directly on the geometry of the distribution of the equipotential lines, as reported on the literature [17] [18] [19] . For instance, if the charges are two parallel linear conductors ( Fig.  3(a) ), the equipotential lines are parallel to these charges, similarly if the charges are two concentric circular rings the equipotential lines are also concentric rings to these charges, as shown in Fig. 3(c) . On the other hand, if the charge distributions are not symmetric, as shown in Fig. 3(b) , the electric field is more intense in the regions with higher density of equipotential lines and, in turn, weaker in regions with less equipotential lines. The physical phenomenon shown in Fig. 3(b) can also be seen in Fig. 3(d) , where the greatest density of equipotential lines lies in the central region between the electrodes, creating a non-uniform electric field in the region between the electrodes. The potential difference between each potential lines for each configuration are given by: (a) 0.75 V, (b) 0.75 V, (c) 2 V and (d) 0.5 V. Similar equipotential lines were reported by J. Elizalde and et al. [20] on parallel linear electrodes and a point charge with a circle electrode using a conductive gel for the plotting of equipotential lines. It is worth to emphasize that, the experimental conditions of this proposal, unfortunately, do not present an automatic and instantaneous form of the collection of the experimental data, being this manual from point to point. Thus, the post-processing of the data in the QGIS software illustrates the predicted theoretical conditions, but with some discontinuities, such as the non-smooth curves shown in Figs. 2 and 3 . Even so, it is possible to see a trend smooth in each equipotential surface, on the various electrolytic configurations, as shown in Fig. 4 .
Results and Discussion
In order to show the potential applications of the use of QGIS software in physical phenomena, besides being used as a geographic information system [21] , Fig. 4 shows the mapping of the equipotential surfaces, obtained from the interpolated experimental data, of each contour surface (2D) shown in Fig. 2 As Russell proposes an analogy with the gravitational hills to understand Einstein's law of gravitation [11] , we can observe a very similar relationship between the gravitational hills, and the third dimension models shown on Fig. 4 . Following the same reasoning used for relief shapes of a mountains landscape, we can relate the regions with different heights with the electric potential surfaces, observing the higher heights as the regions with greater potential difference, while depressions, as regions with smaller potential difference in relation to the reference point. Thus, blue regions of the equipotential surfaces, shown on Fig. 4(a, b, c and d) , represent regions of low electrical potential (depressions), evidencing the need to perform a work to move any electrical charge from a region with lower electrical potential to a region with a higher electrical potential. This fact is similar to the work that must be performed by an extern agent to move an object from a depression to a certain height. A particularity on Fig. 4(b) is the lower electrical potential on the ring position than on its vicinity. On the other hand, the jagged appearance of the contours on the equipotential surfaces of a circular ring with a point charge (Fig. 4(c) ), and the semicircular ring with a point charge (Fig. 4(d) ) is due to the experimental data interpolation process. That is, the interpolated data were obtained only within the selected electrolytic configuration, leaving out interpolation from the edge to outside. This kind of interpolation is also reflected on the colors perpendicular to the x and y axis, which do not have any relation with potential difference, the colors related with potential difference are those perpendicular to the potential axis, beginning from the bottom (lower potential-blue color) to the top (higher potential-red color). These results are in accordance with the literature, for instance, Young [3] has reported the 3D potential surface of a 2D capacitor, considering two parallel thin electrodes each 6 cm long and separated by 2 cm.
In the same way, the equipotential surface shown in Fig. 4(c) , presents as a large well of electrical potential difference, with a low voltage central region surrounded by regions with higher voltages. It can be observed that to carry any point charge from a point located in the center to any one of the edges of the experimental configuration, the same amount of work is required, due to the symmetry of the presented configuration. On the other hand, the equipotential surface of the arc with point charge, shown in Fig. 4(d) , also shows a well of potential energy. However, depending on the path to be considered, less energy is required to move a charge in the system. For instance, if the path considered goes to regions in red it would be necessary to have more energy than if the path considered is in the opposite direction.
Conclusions
In summary, we have reported that the range of applications of the Quantum Geographic information system (QGIS) software (so far mostly used in the field of civil engineering), can easily be extended to the study of electricity and magnetism experiments, related with both equipotential maps and surfaces. For this purpose, the mapping of electrical potential maps (2D) and surfaces (3D) of four electrical configurations were performed, showing that the distribution of the electrical potential depends of the experimental configuration between the electrodes. Therefore, the experiments carried out in this work, with the QGIS software as a tool, can be performed with easily found and low-cost equipment and materials and are simple to perform in schools and universities.
